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Permanent magnet rotor for synchronous motor 



(57) A rotor (11) for a synchronous motor is provided 
with a plurality of magnets (15) being substantially V- 
shaped in cross-section. The V-shaped cross-section is 
defined by an inner V-surface (25), an outer V-surf ace 
(19) and an outward face (23) facing outwardly. A first 
angle a is subtended between a first straight line con- 
necting a point of intersection (31 ) of the outer V-surface 



(19) and the outward face (23) and a second straight 
line connecting the center (35) of the rotor (1 1 ) and the 
acute angle point (27). A second angle p is subtended 
between the first straight line and a third straight line 
connecting a point of intersection (33) of the inner V- 
surface (25) and the outward face (23). By setting the 
angle p to be larger than 20 percent of the angle a, leak- 
age flux at both ends of the magnets (15) is reduced. 
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Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to the disposition of mag- 5 
nets on a rotor in a synchronous motor. 

BACKGROUND OF THE INVENTION 

[0002] "New Technologies for an EV Motor" published 
in Report S.9 - 2 of the Industrially-Applied Technology 
Conference of the Institute of Electrical Engineers of Ja- 
pan in 1 999 discloses the application of magnets with a 
V-shaped cross-section on the rotor of a synchronous 
motor. EV is an abbreviation of the term "Electric Vehi- 
cle". 

[0003] Magnets with a V-shaped cross-section have 
a larger surface facing the stator situated at an outside 
of the rotor than magnets having a semicircular cross- 
section or those having a rectangular cross-section 
which are generally used in rotors. Increases in the sur- 
face area of this part increase a magnetic flux formed 
between the coils of the stator and the magnets of the 
rotor. In other words : the effective magnetic flux driving 
the rotor to rotate is increased. The magnet is buried in 
a core made of laminated magnetic steel plates and is 
not exposed on an outer periphery of the rotor. 
[0004] When magnets are covered in this manner, a 
reluctance torque is easily generated between the stator 
and the rotor. The increase of effective magnetic flux as 
well as the increase of reluctance torque brings an in- 
crease of output power of the motor. 

SUMMARY OF THE INVENTION 

[0005] Magnets having a V-shaped cross-section are 
magnetized so that a surface facing an inner periphery 
of the rotor and a surface facing an outer periphery 
thereof have different polarity. Thus leakage flux is 
formed between the ends of adjacent magnets that have 
different polarity. 

[0006] When the distance between the ends of the 
magnets and an outer peripheral surface of the core is 
small as in the case of this rotor, leakage flux is conspic- 
uously large. 

[0007] The leakage flux decreases the effective mag- 
net flux that drives the rotor and thus the driving efficien- 
cy of the rotor is adversely affected by leakage flux. 
[0008] It is therefore an object of this invention to re- 
duce leakage flux in a rotor provided with magnets of V- 
shaped cross -section. 

[0009] In order to achieve the above object, this in- 
vention provides a rotor for a synchronous motor, com- 
prising, a rotation shaft provided in the center of the rotor 
and rotating together with the rotor,a plurality of magnets 
and a core made of a magnetic material which is fixed 
to the rotation shaft to retain the magnets. 
[0010] Each magnet has V-shaped cross-section that 
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is defined by an inner V-surface having an acute angle 
point, an outer V-surface having an acute angle point 
and an outward face facing outwardly and connecting 
the inner V-surface and the outer V-surface. Each mag- 
net is disposed to cause the acute angle points of the 
inner V-surface and the acute angle point of the outer 
V-surface to be directed towards the rotation shaft, and 
is magnetized to causethe inner V-surface and the outer 
V-surface to have a different polarity/ Each magnet has 
dimensions to cause a second angle p to be greaterthan 
twenty percent of a first angle a. The first angle a is an 
angle subtended between a first straight line connecting 
an intersection point of the outer V-surface and the out- 
ward face and the center of the rotor and a second 
straight line connecting the center of the rotor and the 
acute angle point of the outer V-surface. The second an- 
gle p is an angle subtended between the first straight 
line and a third straight line connecting an intersection 
point of the inner V-surface and the outward face. 
[0011] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
drawings. 



[0012] Fig. 1 is a schematic cross-sectional view of a 
rotor of a synchronous motor according to this invention. 
[0013] Fig. 2 is a diagram showing the variation of the 
relationship between the output power and torque of a 
synchronous motor provided with the rotor shown in Fig . 
1 with respect to an angle ratio t| of the magnets. 
[0014] Fig. 3 is a diagram showing the relationship be- 
tween the angle ratio r| and the output power of the mo- 
tor when the output torque of the motor is fixed. 
[0015] Fig. 4 is a schematic cross-sectional view of a 
rotor of a synchronous motor according to a second em- 
bodiment of this invention. 

[0016] Fig. 5 is a schematic cross-sectional view of a 
rotor of a synchronous motor according to a third em- 
bodiment of this invention. 

[0017] Fig. 6 is similar to Fig. 5, but showing a varia- 
tion of the third embodiment of this invention with re- 
spect to a cross-sectional shape of hollow parts. 
[0018] Fig. 7 is a schematic cross-sectional view of a 
rotor of a synchronous motor according to a fourth em- 
bodiment of this invention. 

[0019] Fig. 8 is similar to Fig. 7, but showing a varia- 
tion of the fourth embodiment of this invention with re- 
spect to spaces facing the magnets in a core. 
[0020] Fig. 9 is a schematic cross-sectional view of a 
rotor of a synchronous motor according to a fifth embod- 
iment of this invention. 

[0021] Fig. 1 0 is a schematic cross-sectional view of 
a rotor of a synchronous motor according to a sixth em- 
bodiment of this invention. 

[0022] Fig. 11 is a schematic cross -sectional view of 
a rotor of a synchronous motor according to a seventh 
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embodiment of this invention. 

[0023} Fig. 12 is a schematic cross-sectional view of 
a rotor of a synchronous motor according to an eighth 
embodiment of this invention. 

[0024] Fig. 13 is similar to Fig. 12, but showing a var- 5 
iation of the rotor of the eighth embodiment of this in- 
vention with respect to a cross-sectional shape of the 
magnets. 

[0025] Fig. 14 is similar to Fig. 13, but showing anoth- 
er variation of the rotor of the eighth embodiment of this 
invention with respect to the location of the magnets. 
[0026] Fig. 15 is similar to Fig. 12, but showing yet 
another variation of the rotor of the eighth embodiment 
of this invention that is arranged to have support mem- 
bers. 

[0027] Fig. 1 6 is a perspective view of a rotor of a syn- 
chronous motor according to a ninth embodiment of this 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] Referring to Fig. 1 of the drawings, a rotor 11 
of a synchronous motor is provided with a core 1 7 and 
a rotation shaft 13 fixed to the core 17. Four magnets 
15 are housed at 90-degree intervals on an inner part 
of the core 17. A stator, not shown, is provided on an 
outer side of the rotor 1 1 . The rotor 11 is rotated with the 
rotation shaft 13 by a magnetic force acting between the 
magnets 15 and rotating magnetic fields formed by the 
coils of the stator. 

[0029] The core 17 comprises magnetic steel plates 
laminated in an axial direction. 

[0030] Each of the magnets has a V-shaped cross- 
section and is axially inserted into a pre-formed match- 
ing space in the core 17. Each magnet 15 is provided 
with an inner V-surf ace 25 and an outer V-surface 1 9and 
a pair of outward flat faces 23 facing the stator. 
[0031] The outline of the cross-sectional shape of the 
magnet is formed by these two V-surfaces 25, 19 and 
the pair of outward flat faces 23. It should be noted that 
the inner V-shape surface 25 is facing outward, and the 
outer V-shape surface 1 9 is facing inward of the rotor 1 1 . 
[0032] The magnets 15 are magnetized beforehand 
so that the outer V-surface 19 and the inner V-surface 
25 have opposite polarities. For example : the outer V- 
surface 19 is magnetized to the N pole while the inner 
V-surface 25 is magnetized to the S pole, or vice versa. 
[0033] Two of the four magnets 15 are disposed at 
180-degree intervals and are adapted so that the inner 
V-surface 25 is the fsl pole and the outer V-surface 19 is 
the S pole. The remaining two magnets are adapted so 
that the inner V-surface 25 is the S pole and the outer 
V-surface 19 is the N pole. As a result, the polarity of 
the inner V-surfaces 25 of two adjacent magnets is op- 
posite and, in the same manner, the polarity of two outer 
V-surfaces 1 9 of adjacent magnets is opposite. The ro- 
tor 11 has two pairs of magnetic poles as a result of this 



pattern of disposition of magnets 15. 
[0034] In order to facilitate the description of the 
shape of the magnets 15, the points of intersection of 
the surfaces of respective magnets are defined as fol- 
lows. 

[0035] The point of intersection of the two sloping fac- 
es comprising the outer V-surface 19 is defined as an 
outer acute angle point 27. The point of intersection of 
the two sloping faces comprising the inner V-surface 25 
is defined as an inner acute angle point 29. The point of 
intersection of the outer V-surface 19 and the outward 
flat face 23 is defined as an end point 31 . The point of 
intersection of the inner V-surface 25 and the outward 
flat face 23 is defined as an intersection point 33. 
[0036] As stated above, two of the four magnets are 
disposed at 1 80-degree intervals . The outer acute angle 
point 27 and the inner acute angle point 29 of these two 
magnets are disposed on an axis XX passing through 
the central point 35 of the rotor 1 1 . The outer acute angle 
point 27 and the inner acute angle point 29 of the re- 
maining two magnets are disposed on an axis YY that 
passes through the central point 35 of the rotor Hand 
is orthogonal to the axis XX. 

[0037] As shown in the figure, an angle subtended be- 
tween the axis XX and a line connecting the central point 
35 of the rotor 11 and the end point 31 is defined as a 
first angle a. 

[0038] An angle subtended between the line connect- 
ing the central point 35 and the end point 31 and a line 
connecting the central point 35 and the intersection 
point 33 is defined as a second angle p. 
[0039] In this embodiment, a rotor 1 1 is provided with 
four magnets 15, the number of magnets 15 provided 
on the rotor 11 is not limited to four and this invention 
can be applied to a rotor provided with at least one pair 
of magnetic poles. 

[0040] When a ratio of the first angle a and the second 
angle p is defined as an angle ratio t|, the angle ratio t| 
is given by the following formula (1). 

il=(p/a) x 100% (1) 

[0041] When the dimension and shape of the inner V- 
surface 25 is fixed, the angle ratio ti varies in response 
to the dimension and shape of the outer V-surface 19 
and the outward flat face 23. 

[0042] FIG. 2 shows variations in the output power 
and torque of the synchronous motor with respect to an 
angle ratio t| that is varied by varying the dimensions 
and shape of the outer V-surface 19 and the outward 
flat face 23. This diagram has been drawn by the inven- 
tors on the basis of experimental evidence. 
[0043] Fig. 3 shows the relationship between the out- 
put power of the motor and the angle ratio t| when the 
output torque of the synchronous motor has a fixed val- 
ue of 17 kgfm. 

[0044] As shown in Figs. 2 and 3, when the angle ratio 
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t| is greater than or equal to 20%, both the output power 
and the output torque are high. When the angle ratio t\ 
is in the range of 40 - 80%, both output power and the 
output are conspicuously high. This indicates that the 
effective magnetic flux is increased in this range. In oth- 
er words, leakage flux between different poles of the 
same magnet is small in this range. 
[0045] Thus it is possible to improve the output power 
and the output torque of the synchronous motor and re- 
duce leakage flux by providing the rotor 1 1 with magnets 
15 having a V-shaped cross-section and by determining 
the relative dimensions and shape of the outer V-surface 
1 9 and the outward flat face 23 with respect to the inner 
V- surface 25 so that the angle ratio r| is in the range of 
40 - 80%. 

[0046] Referring now to FIG. 4, a second embodiment 
of this invention will be described. 
[0047] According to this embodiment, a rotor 41 of a 
synchronous motor is provided with four magnets 43. 
Each of the magnets 43 comprises magnet elements 
43A and 43B having a shape similar to the magnet 15 
15 of the first embodiment but divided into two parts. 
The magnet elements 43A and 43B are disposed in 
close association sandwiching the XX axis or the YY ax- 
is as shown in the figure. Two adjacent magnet elements 
43A and 43B have the same polarity. That is to say, the 
polarity of both outer V-surfaces 1 9 is the same and the 
polarity of both inner V-surfaces 25 is the same. A gap 
45 between the magnet elements 43A and 43B is filled 
with magnetic steel plates comprising the cores 17. 
[0048] In other words, the space housing the two 
magnet elements 43A and 43B comprises two inde- 
pendent spaces. Since a rib is provided between the 
magnet elements 43A and 43B, the structural strength 
of the rotor 11 can be enhanced according to this em- 
bodiment. Other aspects of the rotor 41 are the same 
as the rotor 11 according to the first embodiment. 
[0049] A third embodiment of this invention will be de- 
scribed with reference to Fig. 5. 

[0050] A rotor 51 of a synchronous motor according 
to this embodiment is provided with four magnets 15 in 
the same manner as the first embodiment. 
[0051] In this embodiment, a hollow part 53 having a 
triangular cross-section is formed in the core 17 be- 
tween an outer periphery of the rotor 51 and the Inner 
V-surface 25 of each magnet 1 5. Since the weight of the 
rotor 51 is reduced by this hollow part 53, it is possible 
to reduce the overall weight which thus allows increases 
in the rotation speed of the motor. Since a magnetic flux 
f does not flow in the hollow part 53, it is possible to 
control the flow of magnetic flux between the coils of the 
stator and the magnets 15 of the rotor 51 by the dispo- 
sition and dimensions of the hollow part 53. Thus the 
hollow part 53 as long as suitably arranged does not af- 
fect the output/torque characteristics of the synchro- 
nous motor. Other aspects of the rotor 51 are the same 
as those of the rotor 11 according to the first embodi- 
ment. 



[0052] By replacing the base of the triangular cross- 
section of the hollow part 53 with an arc as a hollow part 
63 shown in Fig. 6. further weight reductions may be 
realized. 

5 [0053] A fourth embodiment of this invention will be 
described with reference to Fig. 7. 
[0054] A rotor 71 of a synchronous motor according 
to this embodiment is provided with four magnets 73. 
The magnets 73 are similar to the magnets 1 5 of the first 
10 embodiment. The only difference is that each of the 
magnets 73 has an end face 75 between the outer sur- 
face 1 9 and the outward flat face 23. The end face 75 
is a flat face defined by a straight line passing through 
the central point 35 of the rotor 1 1 that is approximately 
'5 orthogonal to the outward flat face 23. Other aspects of 
the rotor 71 are the same as the rotor 1 1 of the first em- 
bodiment. 

[0055] By providing the end face 75 it is possible to 
arbitrarily set thethickness of the end portion of the mag- 
net 73. Leakage flux flows between the ends of adjacent 
magnets 73 through the core. The amount of leakage 
flux depends on the thickness of the end portion of the 
magnet 73. Thus it is possible to reduce leakage flux 
between the ends of the magnets 73 by varying the 
thickness of the end portions of the magnet 73 by pro- 
viding the end face 75. 

[0056] By forming a hollow parts 83 in the core ^fac- 
ing the end faces 75 of the magnet 73 as shown in Fig. 
8, it is possible to further reduce leakage flux between 
the ends of adjacent magnets 73. 
[0057] A fifth embodiment of this invention will be de- 
scribed with reference to Fig. 9. 

[0058] A rotor 91 of a synchronous motor is provided 
with four magnets 93 in this embodiment. 
[0059] Each of the magnets 93 has a bottom face 95. 
The bottom face 95 is a flat plane dissecting the outer 
V-surface 1 9 and is defined by a straight line orthogonal 
to the XX axis or the YY axis. 

[0060] When the difference between the outer radius 
and the inner radius of the rotor is large,the dimensions 
and disposition of the magnets may be set freely. The 
inner radius of the rotor is determined by the radius of 
the rotation shaft and when the radius of the rotation 
shaft is relatively large with respect to the outer radius 
of the rotor, the thickness of the core 17 between the 
magnet 1 5 and the rotation shaft 1 3 may be insufficient. 
In this case, the magnetic flux of the magnet 15 be- 
comes concentrated towards the rotation shaft and out- 
put power /torque characteristics of the motor may be 
adversely affected. 

[0061] The magnet 93 in this embodiment has a bot- 
tom face 95 so that the magnet 1 5 does not project to- 
wards the rotation shaft 13. In this manner, even when 
the radius of the rotation shaft 13 is large, it is possible 
to ensure enough thickness of the core between the 
magnets 93 and the rotation shaft 1 3 to prevent leakage 
of magnetic flux of the magnet 93 towards the rotation 
shaft 13. Except for the bottom face 95, the rotor 91 is 
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identical to the rotor 11 of the first embodiment. 
[0062] A sixth embodiment of this invention will be de- 
scribed with reference to Fig. 10. 
[0063] A rotor 101 of a synchronous motor according 
to this embodiment is provided with four magnets 1 03 
as in the case of the prior embodiments. 
[0064] A narrow angle 6/ of the outer V-surface 19 in 
each magnet 1 03 is set to be greater than a narrow an- 
gle Go of the inner V-surface 25. In other respects, the 
rotor 101 is identical to the rotor 11 of the first embodi- 
ment. 

[0065] This setting allows reductions in the volume of 
the magnet 103 and allows reductions in the weight of 
the rotor 101 . Furthermore, since the amount of the core 
1 7 is relatively increased due to the reduction of the vol- 
ume of the magnets 103, the strength of the rotor 1 01 
is also increased. 

[0066] A seventh embodiment of this invention will be 
described with reference to Fig. 11 . 
[0067] A rotor 111 of a synchronous motor according 
to this embodiment is provided with four magnets 113 
as in the case of the sixth embodiments. In this embod- 
iment, the arrangement of the sixth embodiment is re- 
versed so that the narrow angle 9/ of the outer V-surface 
1 9 in each magnet 1 1 3 is set to be smaller than the nar- 
row angle Go of the inner V-surface 25. In other respects, 
the rotor 1 1 1 is identical to the rotor 1 01 of the sixth em- 
bodiment. 

[0068] Since this setting increases the volume of the 
magnet 1 1 3, the magnetic flux is increased and it is pos- 
sible to enhance the output power Aorque characteris- 
tics of the synchronous motor. 

[0069] It is clear from the above description that the 
sixth and seventh embodiments create different results. 
Thus the relationship of the narrow angle 0/and the nar- 
row angle Go may be selectively set according to the 
required characteristics of the synchronous motor. 
[0070] In each of the first to seventh embodiments, 
the outward flat face 23 has been formed as a flat plane. 
However, it is possible to form this part to have an arc- 
shaped cross-section. Leakage flux can be further re- 
duced by the use of such a curved face. Furthermore, 
by applying the arc-shaped cross-section at the end por- 
tion of the magnet, the thickness of the magnet varies 
smoothly towards the end and the concentration of 
stress under the action of a load is mitigated, so the 
structural strength of the rotor is increased. 
[0071] An eighth embodiment of this invention will be 
described with reference to Figs. 12 - 15. 
[0072] Referring first to Fig. 12, a rotor 201 according 
to this embodiment has a sleeve 202 fitted on an outer 
periphery of the core 1 7. The core 1 7 is identical to the 
core 1 7 of the first embodiment. The sleeve 202 is made 
of non-magnetic materials such as Kevlar or carbon in 
the form of a band and tightly wound around the core 
17. Alternatively, a non-magnetic stainless steel sleeve 
may be press fitted to the outer periphery of the core 1 7. 
By providing such a sleeve 202, the structural strength 



of the core 17 is increased. In other respects, the rotor 
201 is identical to the rotor 11 of the first embodiment. 
[0073] The sleeve 202 may also be fitted to the outer 
periphery of the rotor 41 of the second embodiment. A 

5 rotor 211 shown in Fig. 13 is such an example. 

[0074] In the second embodiment, a sufficient depth 
of covering of the core 1 7 covering the outward flat face 
23 of the magnet 43 is required in order to ensure the 
structural strength of the rotor 41 . 

10 [0075] However, it is possible to reduce the depth of 
the covering without affecting the structural strength of 
the rotor 41 by fitting the sleeve 202 to the outer periph- 
ery of the core 1 7. Such an improvement in strength al- 
lows the gap 45 between adjacent magnetic magnet el- 

15 ements 43A and 43B to be reduced. Since the core 1 7 
acts as a circuit for leakage flux between different poles 
of the magnet 43 at a part corresponding to the gap 45 
or a covering 203 in Fig. 13, the leakage flux is reduced 
by reducing the size of the covering 203 or the gap 45. 

20 [0076] In a rotor 221 shown in Fig. 14, a covering 203 
is equal to zero and the outward flat face 23 of the mag- 
net 43 directly contacts the sleeve 202. This allows the 
leakage flux passing through the covering 203 to be ze- 
ro. 

^5 [0077] A rotor 231 shown in Fig. 15 has support mem- 
bers 232 made of non-magnetic materials such as plas- 
tic between the magnet 15 and the sleeve 202. 
[0078] The support member 232 transmits the tight- 
ening force of the sleeve 202 onto the covering 203 of 

30 the core 1 7. By locally pressing the covering 203 of the 
core 17 in this way, the magnetic characteristics of the 
covering 203 are varied to reduce leakage flux. 
[0079] A ninth embodiment of this invention will be de- 
scribed with reference to Fig. 16. 

35 [0080] A rotor 241 of a synchronous motor according 
to this embodiment has support members 232 similar to 
those of the rotor 231 of the eighth embodiment. In this 
embodiment, however, the support members 232 are 
projecting from the core 1 7 axially in both directions and 

40 a disk-shaped end plate 242 is fitted to both ends of the 
support members 232. In other respects, the rotor 241 
is identical to the rotor 231 of the eighth embodiment. 
[0081] The provision of the end plates 242 enhances 
the strength of the rotor 241 and the synchronous motor 

45 may bear a rotation at higher speed. 

[0082] The contents of Tokugan 2000-49622 with a fil- 
ing date of February 25, 2000 in Japan, and Tokugan 
2000-290683 with a filing date of September 25, 2000 
in Japan, are hereby incorporated by reference. 

50 [0083] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 

55 in the art, in light of the above teachings. 

[0084] The embodiments of this invention in which an 
exclusive property or privilege is claimed are defined as 
follows: 
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Claims 

1. A rotor (11, 41, 51, 71, 91, 101 , 111 , 201 , 211 , 221, 
231 , 241) for a synchronous motor, comprising: 

a rotation shaft (13) provided in the center of 
the rotor (11, 41, 51, 71, 91, 101, 111,201,211, 
221, 231, 241) and rotating together with the 
rotor (11, 41, 51, 71, 91, 101, 111, 201, 211, 
221, 231, 241); 

a plurality of magnets (15, 43, 73, 93, 103, 113), 
each magnet (15, 43 : 73, 93, 103, 113) having 
V-shaped cross-section, the V-shaped cross- 
section being defined by an inner V-surface 
(25) having an acute angle point (29), an outer 
V-surface (19) having an acute angle point (27) 
and an outward face (23) facing outwardly and 
connecting the inner V-surface (25) and the 
outer V-surface (19), each of the magnets (15, 
43, 73, 93, 103, 113) being disposed to cause 
the acute angle points (29) of the inner V-sur- 
face (25) and the acute angle point (27) of the 
outer V-surface (1 9) to be directed towards the 
rotation shaft (13), being magnetized to cause 
the inner V-surface and the outer V-surface to 
have a different polarity, and having dimen- 
sions to cause a second angle p to be greater 
than twenty percent of a first angle a wherein 
the first angle a is an angle subtended between 
a first straight line connecting an intersection 
point (31) of the outer V-surface (19) and the 
outward face (23) and the center (35) of the ro- 
tor (1 1 , 41 , 51 , 71 , 91 , 1 01 , 1 1 1 , 201 , 21 1 , 221 , 
231 , 241 ) and a second straight line connecting 
the center (35) of the rotor (11, 41, 51, 71, 91, 
101, 111, 201, 211, 221, 231, 241) and the 
acute angle point (27) of the outer V-surface 
(19), and the second angle p is an angle sub- 
tended between the first straight line and a third 
straight line connecting an intersection point 
(33) of the inner V-surface (25) and the outward 
face (23); and 

a core (17) made of a magnetic material which 
is fixed to the rotation shaft (13) to retain the 
magnets (15, 43, 73, 93, 103, 113). 

2. The rotor (11, 41 , 51, 71, 91, 101, 111, 201, 211, 
221, 231, 241) as defined in Claim 1, wherein the 
second angle p is set to a value in a range from forty 
to eighty percent of the first angle a. 

3. The rotor (41, 211, 221) as defined in Claim 1, 
wherein each of the magnets (15, 43, 73, 93, 103, 
113) comprises a pair of magnet elements (43A, 
43B) separated by a gap (45) containing a straight 
line passing through the acute angle point (29) of 
the inner V-surface and the acute angle point (27) 
of the outer V-surface (1 9). 



4. The rotor (41, 211, 221) as defined in Claim 3, 
wherein the gap (45) is presented between pre- 
formed two independent spaces housing the pair of 
magnet elements (43A, 43B) in the core (17). 

5 

5. The rotor (51) as defined in Claim 1, wherein the 
core (1 7) has hollow parts (53, 53A, 63) each of 
which has a substantially triangular cross-section 
and is formed between an outer periphery of the 

10 core (1 7) and the inner V-surface (25) of each of the 
magnets (15). 

6. The rotor (51 ) as defined in Claim 5, wherein a base 
of the cross-section of each hollow part (53A) is de- 

15 fined by an convex curve bulged outwardly. 

7. The rotor (71) as defined in Claim 1, wherein the 
outer V-surface (1 9) and the outward face (23) are 
connected via a flat face (75) defined by a straight 

20 line passing through the center (35) of the rotor (71 ) . 

8. The rotor (71) as defined in Claim 1, wherein the 
core (1 7) has a hollow part (83) which faces the flat 
face (83). 

25 

9. The rotor (91 ) as defined in Claim 1 , wherein a mag- 
net (93) has a flat face (85) dividing the outer V-sur- 
face (1 9) into two surfaces, the flat face (85) being 
defined by a straight line orthogonal to the second 

30 straight line. 

1 0. The rotor (1 01 ) as defined in Claim 1 , wherein a nar- 
row angle 9/ of the outer V-surface (19) is set to be 
greater than a narrow angle 8o of the inner V-sur- 

35 face (25). 

1 1 . The rotor (1 1 1 ) as defined in Claim 1 , wherein a nar- 
row angle 6/ of the outer V-surface (19) is set to be 
smaller than a narrow angle 9o of the inner V-sur- 

40 face (25). 

12. The rotor (11, 41, 51, 71, 91, 101, 111, 201, 211, 
221, 231, 241) as defined in Claim 1, wherein an 
outward face (23) is formed to have an arc-shaped 

45 cross-section of which an arc is substantially paral- 
lel with an outer periphery of the core (17). 

13. The rotor (201, 211, 221, 231, 241) as defined in 
Claim 1 , wherein the rotor (201 , 211 , 221 , 231 , 241 ) 

50 further comprises a sleeve (202) made of a non- 
magnetic material which is fitted on an outer periph- 
ery of the core (1 7) and exerts a tightening force on 
the core (17). 

55 14. The rotor (231, 241) as defined in Claim 13, wherein 
the core (17) has coverings (203) each of which 
covers each of the outward faces (23), the rotor 
(231, 241) further comprises support members 
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(232) each of which is made of a non-magnetic ma- 
terial and is gripped between the core (1 7) and the 
sleeve (202) to transmit the tightening force of the 
sleeve (202) to the coverings (203). 

5 

15. The rotor (241) as defined in Claim 14, wherein the 
support members (232) are arranged to project 
from the core (1 7) in a direction parallel to the rota- 
tion shaft (13) and the rotor (24) further comprises 
an end plate (242) fixed to projecting ends of the io 
support members (232). 
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